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Description) 

This Invention relates to coated ophthalmic lenses and to methods for applying coatings to such 
lenses. More particularly it relates to cast opthalmic lenses, such as spectacle lenses, which have an 
5 optically clear, aberration free, abrasion-resistant coating applied thereto and to the methods of applying a 
coating by the application of a thin layer of a composition containing reactive ethytenfcaily-unsaturated 
groups. 

The application of coatings to surfaces is known. For example, U.S. Patents 4*073,987 and 4,084,021 
disclose the application of abrasion-resistant coatings to surfaces by spin coating, dip coating, spray 
to coating, end flow coating techniques. 

U.S. 4,319,811 discloses abrasion-resistant radlation-curablp coatings which are the polymerisation 
products of compositions containing reactive ethylenicaliy unsaturated groups. These coatings are applied 
by techniques such as spraying, brushing, dipping and roll coating to plastic lenses such as the lenses of 
sunglasses, for example. 

is While these techniques have been successful when used to coet smooth surfaces, such as the optical 
surface of single vision spectacle lenses, they have not been entirely satisfactory. For example, such 
techniques result in a build-up of a coating material at the outer edge of the lens Which causes optical 
aberrations. Such techniques ere even less satisfactory when they are used to coat irregular surfaces, such 
as those present on multivision ophthalmic devices, particularly those made from plastic. Such devices 

zo generally have segments which project abruptly away from (e.g. project above or below) at least one major 
optical surface of the device. Coating solutions applied to these optical surfaces by spin, dip, spray, or flow 
techniques must flow around and over these segments. The resulting coating generally exhibits flow marics 
around the projection and Is thick as the intersections of the segment and the optical surface. This 
intersection is referred to hereinafter as the segment line. 

25 Vapor coating techniques may also be employed. However, the resulting coatings tend to be very thin, 
for example 0.5 micron thick, and consequently are not useful in providing significant abrasion resistance. 

U.S. Patent 4,081,578 discloses a molding method wherein parts are first cast in a moid after which the 
mold is opened to provide a space for the injection of a predetermined quantity of coating composition. 
The mold is closed to spread the coating composition over the surface of the cast part the coating cured in 

so the closed mold, and the coated part removed from the mold. This technique Is complicated and does not 
provide good adhesion of the coating to the substrate surface. 

In yet another technique a gel coating material Is applied to the surface of a moid and allowed to 
partially cure. See US. Patent 4,081,578 at col. 2. lines 15—22. A mixture of resin compound and glass 
fibers is applied to and rolled over the gel coat The resulting composite structure is allowed to cure. The 

35 purpose of this technique Is to fill in any defects on the surface of an article, 

U.S. Patent 4,338,269 discloses a technique for applying a coating to the surface of a molded article. In 
this technique a composition containing a pentaerythritol base polyecryiate or poly methacry late and a 
cellulose ester or a vinyl chloride-vinyl acetate containing polymer is applied to a mold and fully cured by 
exposure to actinic radiation. Subsequently a polymerizable composition Is charged to the mold and 

40 polymerized. Such compositions exhibit only minimal abrasion resistance and have not been found to 
provide optically dear coatings. 

U.S. Patent 3,968,305 discloses a shaped article and a method for applying a "mar-resistant" layer 
thereto, One method disclosed in this patent involves the steps of 
first applying to a mold a polymerizable material selected from 

45 a) a compound having a total of at least three acrytoxy and/or math aery loxy groups in the molecule 
which are linked with an aliphatic hydrocarbon residue having not more than 20 carbon atoms, 

b) a monomer mixture comprising at least 20% by weight of said compound and at most 80% by 
weight of at least one other copolymerizable monomer, or 

c) a partially polymerized product of said compound or said monomer mixture; 

so second, polymertdng the polymerizable material to form an abrasion-resistant film on the mold; 
third, charging a monomer to the mold; and 
fourth, polymerizing the monomer. 

This method may be applied to the manufacture of coated sunglasses, fashion glasses and other 
glasses for example. 

ss The ophthalmic lens and method of the present invention do not require the formation of an abrasion- 
resistant film on the mold prior to Introduction of the monomer. To the contrary such a technique would 
not work In the Invention as is shown. 

The present invention aims to provide an ophthalmic lens having a thin, optically clear, aberration free, 
abrasion-resistant coating on one or more of its optical surfaces. It further aims to provide a method of 
$0 applying a coating to ophthalmic devices such as spectacle lenses, which is equally useful In applying e 
coating to single and multifocal lenses. 

The invention provides a method of providing a thin, optically clear coating to at least one optical 
surface of an ophthalmic lens comprising the steps of: 

(i) applying a layer of a composition comprising a materiel containing reactive ethylenicaliy 
es unsaturated groups to at least a first race of a mold used to manufacture said ophthalmic lens, wherein said 
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face Imparts a desired optical configuration to a first optical surface of said ophthalmic Jens; 

Hi) reacting said composition to a degree that said composition forms a film that Is dry, norvabraslon 
resistant at least weakly adhered to said first face, and exactly replicates said first face In i an ^ernatlon-free 
manner such that said composition exhibits a degree of unsaturate in the range of 40% to 90% ot tne 
s un saturation It possessed prior to reaction; 

(fif) filling said mod with an organic liquid material capable of hardening to a solid, room temperature- 

Stab (M tenoning said organic liquid material so as to form said ophthalmic lens, Intimately bond said film 
to the hardened organic material, and adhere said film to said optical surface of said hardened organic 
w material more firmly than it adheres to said face, and L . ... 

tv) post reacting said composition after said organic liquid has hardened to harden said composition. 

Preferably said material is a poly(ethylenically unsaturated alkoxyaikyl) compound of the formula 

A ^Ta 1 and A? ana independently groups having terminal ethylenlc unsaturate said groups having the 
J5 formula: 

OR* 

R-O-CHi-C-R' 



R' 

In which (1) R 1 Is selected from hydrogen or methyl . . nr , u . „ 

(2>R-0- is e monovalent residue of an aliphatic terminally unsaturated primary alcohol, ROH, where 
25 R Is selected from the formulae: 

HiC«C-fCH«K 
R 4 

so and 

wherein E is selected from the formulae: 

0 

as | 

HjC^CHCHAO- end CH 2 «=C-CO- 

40 a and c are Independently integers of from 1 to 6, b Is zero or an Integer of from 1 to 6, R 4 is selected from 
hydrogen or methyl, R 6 is an aliphatic group having 1 to 15 carbon atoms which may be interrupted with up 
to two groups selected from the class consisting of ether or oxygen or 

groups* 



R B having a valence of m+1 wherein m is an integer of 1 to 5 f 
(3) R 8 is selected from the group of hydrogen. 



l 1 , and — CNH — R 7 

I' I 
o . o 

55 wherein R 8 is selected from alkyl and alkenyl groups having up to 5 carbon atoms, R T is an aliphatic group 
of up to 8 carbon atoms or an aromatic group of up to 8 carbon atoms, 

(4) R s is an alkylena group having 1 to B carbon atoms and up to one caternary oxygen In the group, 
and (b) Z is a heterocyclic group of the formula; 

/ v. 

c 
d 

0 
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wherein X Is a divalent group required to complete a 5-membered heterocycJrc ring and fa selected from the 
group of: 



s 




wharein R 8 , R D , R 10 , and R 11 are independently selected from hydrogen, alky! groups of 1 to 4 carbon atoms, 
to cycloalky groups of 3 to 6 carbon atoms, and phenyl groups, and A 3 Is the same as A 1 8nd wherein said 
non-abrasion-resistant film Is reacted In step {v} to harden It to an SEB abrasion resistance of at least 137.9 
kPa (20 p.s.1.). 

As used throughout this specification, the following terms have the following meanings: 

(a) "Optically clear means free from haze or other Interference which prevents an object on on© side 
of a lens from being seen clearly by an observer oil the other aide of a lens, 

(b) "Aberration-free" means that an object on one side of a layer of the coated lens does not appear to 
be bent, twisted or distorted to a viewer on the other side of the lens. 

(c) "Reactive ethyfenlcally unsaturated groups" are those groups which polymerize, crosslink, or both 
when subjected to activating conditions described hereinafter. 

29 • (d) "Optical surface" means one of the surfaces which provides optical correction. 

(ej "SEB abrasion resistance" is the abrasion resistance according to the technique described In 
US— A— 4,084,091 . Therefore the value reported for SEB abrasion resistance refers to the level of force 
necessary to cause visible scratching on the coated surface of the lens. Coatings applied by the process of 
the invention are thin (typically having a thickness of from about 0.5 to 50, and preferably of from about 2 to 

25 10, and more preferably of from about 3 to 5, (microns um thick). Furthermore, the coatings are free from 
surface aberrations due to nonuniformity of the thickness of the coating solution, flow marks, coating 
buildup, particularly at the segment lines and edges of the ophthalmic devices. Additionally, they exactly 
replicate the mold surface from which the ophthalmic device Is made and consequently provide an optical 
surface having the desired surface configuration. 

30 

DETAILED DESCRIPTION 

Molds used In the manufacture of ophthalmic lenses from organic materials are generally made from 
glass or metal and typically have first and second mold sections which form the front and back optical 
surfaces on the devices. At least one of these sections has a surface which forms a finished optical surface. 

35 The coating composition may be applied to one or more of the mold surfaces by a variety of techniques 
including spraying, dipping, brushing, flow coating, spin coating and the like. Row coating has proven to 
be a very useful technique. In this technique a mold Is preferably positioned such that the surface to be 
coated re oriented at an angle of from 45° to 60° from the horizontal. If the mold Is designed for the 
production of multifocal devices having a straight segment line (such as a "flat top" lens), the face 

<0 containing the multifocal portion is positioned so that the straight segment line is parallel to the vertical. In 
this position the outline of the multifocal portion of a common fat top bifocal lens moid forms the letter 
"D". 

The molds are then preferably cleaned of particulate material by, for example, directing e stream of 
filtered nitrogen gas across the surface to be coated. A predetermined quantity of the composition is then 
43 applied to the top edge of the first face of the mold, preferably across an arc having a central angle of from 
about 140° to 160°. The composition Is allowed to flow down to the bottom of the lens where any excess 
may be removed by an absorbent material placed in close proximity to the bottom of the die. if the 
composition Includes a solvent, it may be, and preferably, is removed. This may be done by the use of infra- 
red radiation or heat 

so The coating is then reacted to a dag res that it forma a dry film on the mold which exactly replicates the 
mold face In an aberration-free manner. This may be done by either heating the composition for a time 
sufficient to form the dry film or by exposing It to activating radiation for a time sufficient to form the dry 
film. Whichever technique Is employed, it is essential that the coating be partially reacted within certain 
limits. For example, if the coating is underrescted, it provides a hazy film and may also exhibit poor 

55 abrasion resistance. If, however the coating is overreacted, it exhibits unacceptable adhesion. 

When thermal techniques are employed, the coating can be successfully partially reacted by exposing 
It to temperatures in the range of about 35° to 100*C for from about one to ten minutes. 

When activating radiation, such as ultraviolet light or electron beam radiation, is used, the coating is 
reacted until it exhibits 8 degree of unsaturetion of from about 40% to 90% of the unsanction it possessed 

.60 prior to reaction. Preferably It is reacted until it exhibits a degr&s of unsaturetion in the range of from about 
40% to 76%, and most preferably from about 55% to 70%, of the unsaturetion it possessed prior to 
reaction. Coatings which have a degree of unsaturetion above about 90% provide 8 hazy film (i.e., one 
which is not optically dear) on the final device and may also exhibit poor abrasion-resistance while those 
which have a degree of unsaturetion below about 30^ exhibit unacceptable adhesion to the final product 

65 After being partially reacted, the coating is dry, although it may be tacky to the touch. Additionally, the 
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coating will not flow by Itself although It can be deformed by touching It with finger pressure. Furthermore, 
the coating is not abrasion-resistant at this point 

Tha specific technique used to bring about partial reaction may be selected to suit the nature of the 
coating composition. For example, when the reaction ethylenically unsaturated materia) contains acrylate- 
s functional groups, a satisfactory level of reaction can be achieved by exposing the coating composition to 
ultraviolet light While the exact exposure conditions employed are dependent upon the Intensity of the 
light, the distance of the coating from the light and final degree of unsaturate desired, satisfactory partial 
reaction may be achieved by positioning the coating at a distance of from 1 to 90 cm from the light and 
exposing it to radiation from a 40 wattfcm Hanovla lamp for from 0.02 sec to 40 mln. Generally, the closer 
to the coating Is to tha light source, the shorter the time of exposure. 

If the ethylenically unsaturated materials contain alkoxy silane, the coatings can be satisfactorily 
' reacted by the thermal techniques described above. Other techniques suitable for reectlng the coatings will 
be obvious to those skilled In the art. tj , 

After the desired level of reaction is obtained, the mold is assembled and filled with liquid organic 
» " material to provide the substrate. A wide variety of thermosetting and thermoplastic organic materials cBn 
be employed All that is necessary of such materials Is that they be capable of solidifying to form a room- 
temperature stable, optically clear ophthalmle device. Examples of useful thermosetting materials Include 
ally I diglycol carbonate monomer, acrylate monomera, end acrylate oligomers. Examples of ^useful 
thermoplastic materials Include polycarbonate, polymethylmethacrylate, polyvinyl chloride, and the like. 
30 Once the mold Is filled, the organic liquid Is hardened by any suitable technique. For example, allyl 
diglycol carbonate may be hardened by subjecting It to heat in the range of 35°C to B5X for up to 1 6 hours 
in the presence of a suitable polymerization again. 

As the organic liquid hardens, the film of coating composition forms an Intimate bond to the substrate 
so that it adheres to the optical surfaceof the device more firmly than it adheres to the face of the mold. The 
H coating is so intimately attached to the substrate that it can withstand repeated exposure to freeze/thaw 
cycles without any loss of adhesion. This Is characteristic of a chemical bond between the two material. 

Additionally as the organic liquid hardens the coating Is further reacted so that once hardening of the 
substrate Is completed the coating has been rendered abrasion-resistant. 

Once hardened the cast ophthalmic devices are removed from the mold. As the adhesion of the coating 
so is greater to the surface of the ophthalmic device than it Is to the face of the mold. It separates essentially 
completely from the mold. The resulting coating Is thin and its exposed surface (that is the surface mat 
formerly contacted the mold) provides exactly the optical surface desired on the ophthalmic device. 
Furthermore, it is free from aberrations such as would be caused by flow lines and buildup at segment lines 
which may be present . „ . ^ . ^ 

as The coated device may be used as Is or alternatively it may be post reacted. Post-reaction may be 
accomplished by the same techniques utilized to initially react the coating. Typically the conditions 
employed during post curing are sufficient to assure essentially complete reaction of the coating. 
Surprisingly, post curing, even to a level such that there is essentially no available residual unsaturation 
remaining, does not adversely affect the adhesion of the coating to the cast article. 
40 While the previous discussion has been directed to the application of the coating to only one surface of 
a multifocal ophthalmic device, the process may also be used to apply the coating to single vision lenses, 
particularly those having e high curvature, end to two or more surfaces of an ophthalmic device. 

Coatings produced by the method of the invention typically exhibit an SEB abrasion resistance of at 
least 1373 &Pa {20 pal). This means that a force of at leest 137.9 kPa (20 pel) must be applied to the coating 
45 to cause visible scratching. This level of abrasion resistance represents a substantial improvement over the 
abrasion resistance of uncoeted lenses. For example lenses made from allyl diglycol carbonate monomer 
scratch visibly after the application of only 6.89 to 20.87 kPa (1 to 3 psl). Although an abrasion resistance of 
(20 psl) 135 kPa represents a substantial Improvement over this, It is only a fair or acceptable level of 
abrasion resistance In the context of the present invention. Thus, the lenses of the invention preferably 
exhibit an abrasion resistance of at least 275 kPa (40 psl) (a good level of abrasion resistance} end more 
preferably exhibit an abrasion resistance of at ileaat 405 kPa (80 pel) (an excellent level of abrasion 

The coating compositions useful in the metnbd of the invention contain at least one mBterlel having 
reactive ethylenically unsaturated groups. Example of such materiels are acylates, methacrylates, acrylic 
anhydrides, athyleniceily unsaturated anhydrides, oleflnlc compounds, acrylemldes, ethylenically 
unsaturated amides end urethanes, vinyl ester, vinyl ethers, vinyl halldes, vinyl epoxy resins, vinyl sHanes 
and slloxanes, vinyl heterocydes, melamlnes, end prepolymers and polymers of these materials. These 
materials mey be mono- or polyfunctions!. 

Specific examples of these materials Include methyl methacrylate, ethyl acrylate r 2-ethylhexyl acrylate, 
cyclohejtyl ecrylate, styrene, butadiene, 2-chlorostyrene, 2,4-dichiorostyrene, acrylic acid, acrylamlde, 
ecrylonltrite, t-butyl acrylate, methyl acrylate, butyl; ecrylate, N-vInyl pyrrolldone, 2-{N-butylcarbamyl)ethyl 
methacrylate, and 2-{N-ethyicarbamyl)ethyl methacrylate. Examples of other useful meterials Include 1> 
butylene dimethacrylate or acrylate, ethylene dlmethacrylate, hexanediol diacrylate or dimethecylate, 
glyceryl diacrylate or methacrylate, trtpropylene (jlyco! diacrylate, glyceryl trlacrylate or trimeth acrylate, 
pentaerythritol trlacrylate or trim ethacry late, trimethylolpropane trlacrylate, pentaerythrltol tetraacrylate or 



so 
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tetramethecrylate, dlmethlolpropane tetracryJate, dlaflyl phthalate, dipentaerythrftol pentaacrylate, 
dfpentaerythrita! hydroxypenteacrylate, neopantylglycol triacrylate and 1,3,5-trl(2-methacryIoxy ethyl )-e- 
triazine, hexamethoxymethyi melamlne, polyfacrylic acid) a poly(methacrylic acid). po!y(methyl 
methecrylate), poty(vinyl chloride), polytvtnyl acetate, polyvinyl butyral) and the like. 

A specific class of useful materials comprises the pblyacrytate functional hydrocarbons having at least 
two acrylate groups per molecule. A subclass of these materials which ere specified for the coating 
compositions of ophthalmic lenses in accordance with the invention are the polyf ethylenicaliy unsaturated 
alkoxyalkyl) heterocyclic compounds having the general formula 

A 1 — i—A* 

in which 

(a) A 1 and A* Independently are alkoxyalkyl gorups having terminal ethylentc unsatu ration and having 
the general formula 

K: OR" 
% R 1 

In which 

(1) R 1 Is selected from hydrogen or methyl 

(2) R — 0 — is a monovalent residue (formed by removal of the active hydrogen from an —OH group) of 
an aliphatic terminally unsaturated primary alcohol, ROH, R having the formula 

H*C=&fCHiK 
R* 

or preferably 

wherein E Is selected from 

0 

B , II 

H^-C-MCHaJgO^i or CH a =f>-CO- 



a and c are independently an integer of from 1 to 6; b is zero or an Integer of 1 to B, R* is selected from 
hydrogen or methyl, R 9 is an aliphatic group having i :to 15 carbon atoms (preferably elkylene of up to 15 
carbon atoms) and optionally one or two catemary (Le., backbone) oxygen atoms or 

—CO^ groups, 

OS 

R 8 having a valence of m+1, and m is an integer of 1 to 5, 

(3) R* is preferably hydrogen but can be 

0 U':- : 0 

1 ?i" 1 

— C-R fi , ;or -CNH-R 7 

wherein R 6 is preferably alkeny) but can be a Iky I {each; preferably having 2 to 5 carbon atoms) and can be 
substituted by a phenyl orcarboxyl group, and R 7 13 en aliphatic group (of up to eight carbon atoms, e.g., 
afkyl) or aromatic group (preferably having up to 8 carbon atoms and more preferably a phenyl group) and 
R 7 is most preferably an acryloyloxyalkyl or a methacryloyloxyalkyl group; 

(4) R 3 is an alkylene group having 1 to 6 carbon atoms arid optionally one catemary oxygen atom; and 
(b) Z Is a heterocyclic group of the formula: 

■ 

: Or . 

: ?.S: V 'V 

wherein X Is a dtveient group which is required to complete a 5- or 6-membejred heterocyclic ring. 



Preferably X is 
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I 

but X can be 



» A II l 1 L 




0 A 3 



li- 



ft 10 

... w ■ 

wherein R\ R\ R 10 # and R 11 are independently hydrbfcen or lower alkyl (of 1 to 4 carbon ^^^" W 
is (of 3 to 6 carbon atoms) or phenyl group (of 6 t*12 carbon atoms), and A 8 .8 an alkoxyaikyl group as 
defined above for A 1 and A* 

A specific heterocyclic compound of the generic formula Is 



55 



OH ;iC v OH 



( B 1 2 ) 3 CCH 2 OCH 2 CHCH 2 -yf ^-CH 2 CHCH 2 OCH 2 C ( R 1 2 ) 3 



wherein R 18 Is 

CH 2 -CHCOCH*--. 

:H ■• 
0 



Materials of the formula A'-Z-^A* are disclosed In U.S. Patent 4,306,954. ,. CBrfnmor „ 295 

Other polyacrylate functional materials useful in the method of the invention Include Sertomer' 295 
(pentaerythritol tetraacrylate) and "Sartomer" 399 (dlpentaerythritol monohydroxy penteacrylate) both 
commercially available from Sertomer Com pany. These materials respectively have the formulae 



Oo 

O CH 2 =CHCO OCCH=CH 2 

II I I * 

CH 2 OCCB=Cfl 2 CH 2 CH 2 

CH 2 »CRCOCH 2 CCfi 2 OCCH =CH 2 aid HOCH 2 CCB 2 OCH 2 CCH 2 OCCH»CH 2 

* ! ° I f 2 ?» 2 a 

CH 2 »CHCOCH 2 CH 2 -»CHC6 0CCH»CH 2 



II 
0 



Other specific classes of useful ethylenicalty unsaturated materials useful in the method of the 
so Invention Include vinyl silene and siloxane materials and acryloxysllanes 8nd slloxanes. Examples of such 
materials may be represented by the formula: 

55 wherein R 18 Is selected from a vinyl group, e.g., 0 m 

* or a methacryloxy group, e.g., 
cH a ^^o^-" 

. . O-V 

wherein R 1B Is an elkylene group of 1 to 8 carbon atoms, arid R ,e is hydrogen or hydrocarby! radical of 1 to 8 
ss carbon atoms (preferably alkyl). An epoxy group/ such as one having of the following formulae 
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CHj CH-B^- or 





to 



may be included in the silane or siloxane as the R 1S group provided that it does not constitute ail of the R 1 3 
groups. In these groups, R t7 is a divalent hydrocarbon radical (aliphatic-, aromatic-, or aliphatic- end 
aromatic-containing) of less than 20 carbon atoms or a divalent radical of less than 20 carbon atoms 
composed of C, H, N, S, and 0 atoms (these atoms are the only atoms which may appear in the backbone of 

» the divalent radicals), the last being in the form of ether linkages. No two hetero atoms may be adjacent 
within the backbone of the divalent hydrocarbon radical. The value of d Is 1 , 2, or 3 and n Is 1 or 2. R 14 Is an 
oxyhydrocarbyl group, preferably alkoxy, acyl, or acetoxy, having 1 to 8 carbon atoms or a radical of 
formula (CH a CH a O) k Z In which k is an integer of at least 1 and 2 is en aliphatic hydrocarbon radical or less 
than 10 carbon atoms or hydrogen. An oxyrtydrocarbyl group is a hydrocarbon group or hydrocarbon 

» group having no more than one heteroatom In tha backbone selected from N, S, and 0 for every two 
carbon atoms In the backbone, wherein a hydrogen attached to a carbon atom has been replaced with a 
divalent oxygen atom to form an external bond. For example, starting with CH 3 CH 2 OCHj, the 
oxyhydrocsrbyi derivatives include — 0— CHaCH 8 0CHa. Exemplary hydrocarbyf groups include aromatic 
groups (e.g. r phenyl, naphthyl and benzothienyl) and aliphatic groups (linear, branched, or cyclic) Including 

& cyclohexyl, tetrahydrofuryt, dioxanyl, peperldyl, pyrolidlnyl. ethoxyethoxy ethyl, etc.). Preferably, this 
oxyhydrocarbyl group has 1 to 10 carbon atoms. 

Examples of useful silanes are vinyltriethoxy silanes, vinyrtrls(2-mewoxyethoxy) silane, vinyltriacetoxy 
silane, ^a/nma-methacryloxypropyltrimethoxy silane* £ete-(3Aepoxy cyclohexyl) ethyltrimethoxy silane 
and ^a/wma-glycidoxypropyltrlmethoxy silane. Othef useful silanes of this type are known to the art 

30 Combinations of silanes or additions of silanes and compounds copolymerfcable with either functional 
group of the reactant (silane, epoxy, vinyl or methacrylbxy) is contemplated in the practice of this 
invention. Preferably, however, the composition is free from emino silanes. 

Two or more ethytenlcally unsaturated materials may, of course, be employed in the composition. 
The composition preferably comprises at least about 5 parts by weight of the ethylenically unsaturated 

35 material. Most preferably It comprises from about 10 to 100 parts by weight of the ethylenically unsaturated 
material 

A reaction initiator may be incorporated into the coating composition. It comprises at least about 0.1 
parts, and preferably from about 1 to 4 parts by weight of the ethylenically unsaturated material. 

The nature of the reaction Initiator utilized in the composition is dependent upon the ethylenically 
& unsaturated material used. For example, for those ethylenically unsaturated materials which undergo free 
radical polymerization, suitable initiators are compounds which liberate or generate a free-radical on 
addition of energy. Such Initiators include peroxy, azq, and redox systems each of which are well known 
and are described In polymerization art, e.g. Chapter 1 1 of Photochemistry, by Calvert and Pitts, John Wiley 
& Sons (1966). Included among free-radical initiators are the conventional heat activated catalysts such as 
<b organic peroxides and organic hydroperoxides. Examples of these catalysts are benzoyl peroxide, tertiary- 
butyl perbenzoate, cumene hydroperoxide, azoblsfisobutyrdnitrile) and the tike. 

The preferred catalysts are photopolymerlzation initiators. Included among such initiators are acyloin 
and derivatives thereof, such as benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin isopropyl 
ether, benzoin isobutyl ether, and o-methylbenzoin; diketories such as benzil and dlacetyl, etc; organic 
50 sulfides such as diphenyl monosulfide, diphenyl disulfide, decyl phenyl sulfide, and tetra methyl thiu rem 
mcnosulfide; S-ecy! dithrocarbametes, such as S-benzoyI-N,N-dimethyldithiocarbBmate; phenones such 
8S acetophenone, a,o,a-tribromacetophenone, o,a-diethoxyacetophenone, a,a-dimethoxy-a-pheny!aceto- 
phenone, o-nftro-cuaa-tribromacetophenone, benzophenone, and p f p'-bls(dlmethyliamino)benzophenone; 
aromatic lodontum and aromatic sulfonfum salts, sulfonyl halldes such as p-toluenesutfonyt chloride, 1- 
ss naphthatenesulfonyt chloride, 2-naphthaJenesurfonyl chloride, 1,3-benzenedisulfonyl chloride, 2,4- 
dlnftrobenzenesulfonyi bromide, and p-acetamidobenzenesulfonyl chloride. 

The reaction initiator employed with silane and siloxane materials is preferably a metal ester of the 
formula MHOR 1 ^, where fVl is selected from the group consisting of titanium, aluminum, and zirconium, 
R 10 is selected from the group consisting of lower alkyl radicals containing from 1 to 8 carbon atoms which 
so are bonded to the oxygen etom, and x is equal to thenumber of valence bonds of M. 

. Other reaction initiators, such as acids or bases, may be used with silane and siloxane materials. 
Representative metal esters which have been found useful In the practice of the present Invention 
include tetraisopropyl titanate ("Tyzor", commercially available from DuPont); tetrabutyl titanate, 
tetreethyl titanate, tetra 2-©thylhexy|, titanate, alurrtlnum isopropoxide, aluminum n-butoxide, and 
is tetraisopropyl ziroonate. Each of the metal esters may be utilized either by Itself or in combination in the 
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practice of the present invention. Other useful metal esters of the type described ere known to the art The 
preferred metal ester Is tetraisopropyi tftanete. 

The coating compositions can include a variety of other ingredients such as compatible monomers and 
polymers, stabilizers, antioxidants, flexibillzers, colorants (e.g., dyes and pigments), reinforcing filers, 
s surfactants, flow aids, hardness enhancers (e.g., colloidal silica), and the like. Additionally, solvents may be 
utilized to facilitate preparation and application of the compositions. Examples of suitable solvents include 
methyl ethyl ketone, chloroform, methylene chloride and methyl alcohol, 

The following examples further Illustrate the present Invention. Unless otherwise noted, all references 
to parts are to parts by weight 
10 Example! 

A coating composition containing the following ingredients was prepared: 

Part A Parte 



30 



>s CUtCHCHjOICHj^SKOCHJ, «' 75 



O 

CHa-COTtCHjfeSIIOCKiJs « \ 25 
CH S 

Water 50 
PartB 



Methyl Alcohol 
HCI (Concentrated) 
Tetra isopropyl titanate w 



4.7 
28.4 



J5 n> A-187 silane available from Union Carbide Corporation 

w A- 174 silane available from Union Carbide Corporation 
w "Tyzor" available from DuPont 

40 Part A was prepared by combining the ingredients in a glass beaker at room temperature and stirring 
until a one-phase product was obtained. Part B was prepared by combining the ingredients in the order 
listed in a glass beaker at room temperature and stirring. Part A (12 g) and Part B (9 g) were then combined 
in a glass beaker with stirring at room temperature for about 15 minutes. A minor amount (0.6% by weight) 
of a fiuorochemical surfactant ("FC-430" available from 3M Company) was added to the resultant product 

4S and stirring was continued for about 5 minutes. 

The concave face of a single vision ophthalmic lens' mold was coated with the resulting product by 
holding the mold at an angle of about 45 degrees from horizontal and painting a small quantity of the 
composition across the top edge of the concave face along an arc having a central angle of from 140° to 
160°. The coating composition flowed downward across the face of the mold and left a thin, uniform, 

50 coating on the concave surface. The coating was partially reacted by placing the coated moid about 5 cm 
from a sunlamp and exposing it to ultraviolet iight-for two minutes at about 80° to 100°C. 

The coated mold was then used to cast a single vision ophthalmic lens blank. Ally! dlglycol carbonate 
monomer ("CR-39" from PPG Industries) containing 3% by weight benzoyl peroxide was charged to the 
moid until the mold was full. The filled mold wss placed in a water bath and heated at 65*C for one hour, 

6 5 73°C for one hour, end then at 85°C for 15 hours. The temperature of the bath was then reduced to 60°C and 
the resulting hardened lens removed from the mold. 

The coating separated completely from the mold faceiupon removal of the lens from the mold and was 
firmly bonded to the convex surface of the lens, fit could not be removed from the lens when tested 
according to ASTM D-3359 Tape Adhesion Test. Additionally, the coating exactly replicated the convex 

co surface of the lens, was free from aberrations and had a SEB abrasion resistance of (30—40 psl) 
206.7—275.6 kPa. The coating was about 6 microiis thick. The coating was subjected to postcuring by 
heating it for 8 hours at 85°C After postcuring it had an SEB abrasion resistance of (70 psf) 482.3 kPa. 

€S 
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1S 



20 



25 



30 



40 



4S 



Example 2 

A poh/(ethylenically unsaturated alkyoxyalkyljheterocycllc compound of the formula 



10 



O 

I 

(CH 8 ^CHCOCHJ s CCH a OCH^ 

0 OH I I OH 0 
/ 

CH, 



was prepared as described in U.S. Patent 4,249,01 1 (Example 1). Sixty parts of the heterocyclic compound 
and 40 parts of methyl ethyl ketone were combined and mixed until uniform. A polymerization initiator {2% 
by weight of aa-dimethoxy-a-phenyiacetophenone ("Irgacure" 651 available from Ciba Geigy) was added 
to the mixture and stirred until a uniform composition was obtained. This composition was applied to the 
concave surface of a single vision ophthalmic lens mold as described in Example 1 to provide a thin coating 
thereon. 

The methyl ethyl ketone was evaporated from the coating by allowing the coated moid to stand at 
room temperature for several minutes. The coating was then partially polymerized by exposing It to 8 700 
watt Hanovia medium pressure mercury ere lamp for 10 seconds at a distance of about 5 cm. The coated 
die was then used to prepare an ophthalmic lens blank as described in Example 1 using ailyl dlglycol 
carbonate monomer and 3% by weight benzoyl peroxide. The lens was cured as described in Example 1. 

When the lens was removed from the mold, the coating separated essentially completely from the 
mold face and remained adhered to the lens surface. The coating was firmly bonded to the convex surface 
of the lens and could not be removed when tested according to ASTM D-3359 Tape Adhesion Test The 
coating replicated the convex surface of the lens and was free from aberrations. The coated lens had a SEB 
abraBion resistance of 275.&-413.4 kPa (40— €0 psi) and was 10 to 1 2 urn thick. The coating was post cured 
by exposing ft to ultraviolet light as described above. After post curing it had an SEB abrasion resistance of 
(90 psi) 62Q.1 kPa. 

Example 3 

A composition was prepared which contained 90 parts of the polytethylenicslly unsaturated 
alkoxyalkyl) heterocyclic compound described in Example 2, 10 parts of Sllane "A-174", 2 parts o,a- 
dlmethoxy-a-phenylacetophenone, and 608 parts by weight of methyl ethyl ketone. The composition was 
applied to the concave surface of a series of multivision ophthalmic lens molds as described in Example 1. 
After the solvent was evaporated, the coatings were partially polymerized by exposing them for five 
seconds to a 700 watt Hanovia medium pressure mercury arc lamp. 

The coated dies were then used to prepare muftivislon ophthalmic lenses using the techniques 
described In Example 1. After curing and removal from the molds, the coatings separated completely from 
the mold faces and were firmly bonded to the convex surfaces of the lenses. They could not be removed 
from the lens surfaces when tested according to ASTM D-3359 Tape Adhesion Test. The exposed surfaces 
of the coatings exactly replicated the convex surface of the lenses and were free from aberrations. The 
lenses had a SEB abrasion resistance of (30—50 psi) 206.7—344.9 kPa and were free from flow lines and 
coating buildup at the segment lines of the multivislon segments. The coatings were from 4 to 5 urn 
(microns) thick. 

The SEB abrasion resistance of the lenses was improved to 75 psi by post exposing them for 2 minutes 
to ultraviolet light from a 100 watl/In Hanovia Lamp positioned 10 cm from the coating. This did not affect 
the adhesion of the coatings to the lenses. 

Example 4 

An ethyienically unsaturated material was prepared which had the formula: 



60 



€5 



HO- 



0 
i 



-Si — o 



O — (SiO 
Q /V OH 




i 0- 
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wherein Q wes CH.-WCHJCOOICHJ., m had e value of between 3 end 8, end p had a value between 

^V^^n^X'r^^ fitted wlmrenux condenser, -chen.ee, st^ end 
^ e * ' t«T T v- H fi as i t was charoed with 1500 g of amber-colored ^a/nma-methacrylcxy- 

snhvdrous sodium carbonete. The flask end contents were heeted to about 130»C and maintained^ at tnet 
temwrattire with stirring for 4 hours. The mixture wes cooled to emblent temperature and filtered to 
Smovette Iraotubh . reiidue. The flltrete wes returned to the flask together with about 2.26 g (0.15W 
pSumhydmZ pellet 

,o darkbrown te black In color. The liquid wes decanted and *™ ] *™*ZZ™T a £* 10 110 C 8nd 1 to 5 

mm Ho pressure to yield water-white yemme-methaervloxypropyltrlmethoxysilane. 

A^nd flaek wee cherged with ISO g of the above purified pemma^etiiecryloxypropyltrimethoxy- 
silent W ml (analytical reagentgrade) 0.03 g buylated hydroxytoluene > (as a stabler) 

and I g 1 normal hydrochloric acid. The mixture was refluxed for one hour and then In 

, s Iwum&K at 5 mm Hg) to provide a residue of weter^-hite dear oligomeric prepolymsr of the above 

warmed si igKend epplied es e thin coating to the concave surface of a mu tivis.on °P^ a ^ n 6 "f t ^ 0 ^ 
S the procedures described in Exemple 1. The coating was part ally PolY™""' by exposl « H for 2 
M seconds to ultraviolet llghtfrom e 100 wattfn Hanovla lamp located 10 cm 

then used to prepare ophthalmic lenses from ally! diglycol cerbonete monomer es described in &ffltnpte \ 
e^pt tifa the lenses were heeted In the water beth by slowly raising the temperature d the baj from 

buildup at the segment lines of the muWvlsIon segments. The lenses had an 

30 for^STtMlolBtirom a 100 watt/in Hanovia lamp located 10 cm from the coating. Th.s did not 
affect the adhesion of the coatings to the lenses. : 



Examples 

A composition having the following Ingredients was prepared: 

35 



Parts 



Poly(etrrylenically unsaturated aHcoxyalkyl) 
heterocyclic compound of Example 2 60 

40 Pentaerythritot Tetraacrylate 40 

"Irgacure" 651 1 3 

45 "FC-431" °- 25 

Methylene Chloride 888.75 

This composition was applied to and partially reacted on a series of multivlslon ophthalmic lens molds. 
60 using the methods described In Example 2. Various power levels were utilized during the exposure. The 
coated molds were then used to prepare ophthalmic lenses from ally! diglycol carbonate es described In 
Example 1. The coated lenses were tested for residual unsaturation using infrared absorption techniques; 
SEB abrasion resistance and adhesion. The results of the abrasion resistance and the adhesion were 
reported as poor, fair, good and excellent Poor (i.e., unacceptable) abrasion resistance meant that the 
ss coating visibly scratched with the application of lesa than (20 psl) 135 kPa of force. Fair (acceptable) 
abrasion resistance meant that 20 to 40 psl (135 kPa to 275 kPa of force were required before i the coating 
visibly scratched. Good abrasion resistance means that (40 to 60 psl) 275 kPa to 405 kPa of force were 
required before the coating visibly scratched. Excellent abrasion resistance means that the coating either 
did not visibly scratch or visibly scratched only after the application of more than (60 psl) 405 kPa of force. 
60 Poor (unacceptable) adhesion means that more than 10% of the coating was removed when tested 
according to the Tape Adhesion test ASTM D-3359; Good (acceptable) adhesion rheans that only from 5 to 
10% of the coating was removed when tested according to ASTM 0-3359. Excellent adhesion means that 
there was no coating removed when tested according to ASTM D-3359. The results of these tests are set out 



below. 
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% Residual Abrasion 
Sample Unsaturation Resistance Adhesion 



5 


A 


75 


Fair 


Excellent 




B 


67 


Excellent 


Excellent 


to 


C 


62 


Excellent 


Excellent 




D 


57.1 


Excellent 


Excellent 




E 


55 


Excellent 


Excellent 


IS 


F 


48.3 


Excellent 


Fair 




G 


43 


Excellent 


Fair 


20 


H 


36.1 


Excellent 


Poor 




1 


30.6 


Excellent 


Poor 



Example 6 

Coating composition prepared as described In Examples 2, 3 and 5 were applied to the convex surfaces 
2S of ophthalmic lens molds using the coating technique described In Example 1. The coated molds were 
allowed to eir dry at ambient room temperature for about one minute and then separate molds were 
pBrtially cured by exposing them to a 300 wattfin Hanovia medium pressure mercury lamp. The coatings 
were then tested for SEB abrasion resistance. The results are set out below. 



30 


Coating Sol'n 


% Residual 


Abrasion 




from Ex 


Unsaturation 


Resistance (psl) 




2 


30 


<7.5 <51.68 kPa 


£5 


2 


60 


<7.S<51.68 kPa 




2 


80 


<7.5 <51.68 kPa 


40 


3 


30 


<7.5 <51.68 kPa 




3 


60 


<7,5 <51.68 kPa 




3 


90 


<7.5 <51.88 kPa 


46 










5 


30 ; 


<7.5 <B1,68 kPa 




5 


eo .;• 


<7.6 <61.68 kPa 


SO 


5 


90 


<7.5 <51.68 kPa 



The coatings each had scratches so numerous that they became opaque. 
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Example 7 

A coating composition having the following ingredients was prepared: 

* Parts - 

« CH^CHCHaOICHJjStlOCH,), 14.08 

\/ 
0 

o 

to CH a =CCO(CH a ),SHOCH,)3 4.7 

CH f 

Del on i zed water 



75 



20 



7.74 

Methyl alcohol 6.71 
HCI{37%) -96 
TetralsopropylTltanate ]. 5.64 
Methyl ethyl ketone 5952 
Ruorochemical surfactant (FC-430) 0.24 

25 Oean glass end metal dies were flow coated with the above composition using the technique 
described In Example 1 . The coated dies were allowed to stand at room temperature for about two minutes 
and then partially reacted for two minutes at 100*0 using an Infrared heat lamp. Ophthalmic lenses were 
then cast from alkyl diglycol carbonate using the molds. The lenses were hardened by heating them at 
48— 85°C for 4J hours. The lenses were removed from th e mold, given a post cure at 90°C for four hours and 

30 tested for SEB abrasion resistance and adhesion. The coating had an SEB abrasion resistance of 482.3 kPa 
(70 psi) and 100% adhesion to the lens. 

Example fi 

Two separate costing solutions having the following Ingredients were prepared: 
3S Solution A 



50 



CH a CHCH 2 0 (CH 2 )sSI (OCH J 3 
0 

Deionfeed water 7.74 

Methyl Alcohol 6.71 

Ha (37%) • 0.98 

Tetraisopropyl titanate ; . 6.64 

Methyl ethyl ketone ■ j. 59.92 

Fluorocarbon surfactant (FC-430) 0.24 

Solution B Parts 

55 PolyCethylenlcalfy unsaturated alkoxy- 

elkyl) heterocyclic compound of Example 2 6 

Pentaerythrftol Tetraacryiete 4 

• *° Photoinltlator (Irgacure® 651 ) 0.3 

Ruorocerbon surfactant (FC-431) 0.03 

Methylene Chloride 89.67 
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Solution A was flow coated directly onto primed trifocal lenses and then partially cured using a 200 
wattfin medium pressure lamp (1 pass, 0.25 joule/cm 2 ); The lenses were then post cured at 80°C for 12 
hours. 

Trifocal lenses coated with solution B were prepared using the techniques described in Example 1 
s except that the coated molds were partially cured using a 200 watt/In medium pressure lemp and exposing 
the molds to only one pass at 0.25 joules/cm*. The filled molds were heated to 48— 85°C for seven hours to 
cure the lenses. The cured lenses were removedfrorri the molds and post cured using a 300 watt/in 
medium pressure lamp and exposing them to four passes at 1 Joule/cm 2 . 

A Ronchi Graph was used to test the aberration of the coated surfaces. The trifocal lenses coated with 
to Solution A all exhibited aberrations around the segments while the trifocal lenses coated with Solution B 
did not exhibit aberrations. 

Example 9 

Four coated ophthalmic lenses were prepared using the coating solution of Example 5. The coating 
75 solutions were applied and partially cured as described in Example 1 except that a level of 0.25 joules/cm 
were used for partial curing. After the lenses had been hardened, the coatings were exposed to 4 joules/ 
cm 1 . The coatings had 100% adhesion to the lenses. 

The coated lenses were dipped Into a 93°C water bath for 10 mlnutBs, removed and immediately 
dipped Into a 2X ice/water bath for 10 minutes. This cycle was repeated 5 times. 
?o The coatings were then tested for coating adhesion and found to have 100% adhesion to the lenses. 

Claims 

1. A method of providing a thin, optically clear coating to at least one optical surface of an ophthalmic 
25 lens comprising the steps of: 

(ij applying a layer of a composition comprising a material containing reactive ethylenlcally 
unsaturated groups to at least a first face of a moid usBd to manufacture said ophthalmic lens, wherein said 
face imparts a desired optical configuration to a first optical surface of said ophthalmic lens; 

{!!) reacting said composition to a degree that said composition forms a film that is dry, non-abrasion 
30 resistant at least weakly adhered to said first face, arid exactly replicates said first face in an aberration-free 
manner such that said composition exhibits a degree of unsaturatlon in the range of 40% to 90% of the 
unsaturation It possessed prior to reaction; 

(lil) filling said mold with an organic liquid material capable of hardening to a solid, room temperature- 
stable state; and 

38 (iv) hardening said organic liquid material so as to form said ophthalmic lens, Intimately bond said film 
to the hardened organic material and adhere said film to said optical surface of said hardened organic 
material more firmly than it adheres to said face, and . \ 

(v) post reacting said composition after said organic liquid has hardened to harden said composition. 

2. A method as claimed In claim 1 wherein said material is a poly(ethylenically unsaturated alkoxyalfcyl) 
40 compound of the formula A 1 — Z— A 1 wherein 

(a) A 1 and A a are Independently groups having terminal ethylenic unsaturation said groups having the 
formula: 

; or* 

s * 

In which 

(1) R f is selected from hydrogen or methyl 
50 (2) R— O— Is a monovalent residue of an aliphatic terminally unsaturated primary alcohol, ROH, where 
R is selected from the formulae: 

HaC^C-l-CHjK 

•;r* i 

ss and 

tE^HjhrtnRSfCr^Jc 

wherein E la selected from the formulae: 

so ■ > * B 

H 2 C=C— CHafeO— and CH 2 ~C-C0— 

65 a and c are independently Integers of from 1 to 6, b Is zero or an Integer of from 1 to 6, R 4 . Is selected from 



to 
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hydrogen or methyl, R 6 Is an aliphatic group having ! to 15 carbon atoms which may be interrupted with up 
to two groups selected from the class consisting of ether or oxygen or 

—CO— groups 

4 

R 8 having a valence of m+1 wherein m is an Integer of 1 to 5, 
(3) R* Is selected from the group of hydrogen, 



-C-^ e , and -CNH-R 7 

II 
0 



4 



wherein R« Is selected from alkyl and atkenyl groups having up to 5 carbon atoms, R Is an aliphatic group 
of up to 8 carbon atoms or an aromatic group of up to 8 carbon atoms, 

(4) R* is an alkylene group having 1 to 6 carbon atoms and up to one catenary oxygen In the group, and 



(b) Z is a heterocyclic group of the formula: 




35 



It 

wherein X Is b divalent group required to complete a 6-tpembered heterocyclic rln 8 and is selected from the 

eroupof: » - - \#f ff Off 

i-ioC- , -C-O- i and -C-iJ- 



t l.Xt 



V 



wherein R', R». R 10 . and R' are Independently selected from hydrogen. alM « W of 1 to 4« e*orr atoms, 
eveloelkyl groups of 3 to 6 carbon atoms, and phenyl groups, end A' is the seme es A\ and wherein Mid 
SnMMt film is reacted in step M to harden it to en SEB abrasion resistance of at least 137.9 

33 W ' 8 3* a method according to claim 1 or claim ^Including the further step of removing said lene from said 
mold characterised In that said film adheres to said first optical surface and separates essentially 

M T l TmSod 8 acto r rtln , g |to*any preceding claim characterised In [that said composition is partially 
40 reacted by exposing it to a temperature in the range of from 35°Cto 1«£ tar torn il » W £™2* 

5. A method according to any preceding claim characterised in that aald face of ■ aid mold > "MPOrtdomd 
at en angle of from the horizontal in the range of about 45* to 60* prior* applying said «m posit on thereto. 

6. A method according to claim 5 characterised In that said composite is applied to the top edge of 
said first face so that said composition covsrs ah arc having a central angle in the range of from about w 

« to 160", and allowed to flow across said face of said mold. . ... . , 

7. A method according to any preceding claim characterised in that said composrtlon is reacted by 
exposure to ultraviolet light . m . , . 

8. A method according to any of claims 1 to 6 characterised in that said composition Is reacted by 

exposure to electron beam radiation. .... . j .n u 

so 9. A method according to any preceding claim characterised In that eald coating ia reacted until ft 
exhibits a degree of unsaturation in the range of from 40% to 75% of the unsaturation it possessed prior to 

reaction^ according to claim 9 characterised in that said coating is reacted until It exhibits a degree 

of unsaturation in the range of from 65% to 70%. ... . . . , 

es 11. a method according to any preceding claim comprising the further steps of applying a thin layer of 
said composition to a second face of said mold, characterised In that said second face forms a des.red 
optical configuration on a second surface of said ophthalmic device, and partially reacting said 

^tTa 'mefto^accortUng toany preceding claim characterised In that said ophthalmic lens comprises a 
so mM ^^^^^ n9 tQ eny p rece ding claim characterised in that said composition further Includes 
a reertlon .nrtlator.^ ^ 8ny pfeceq , ng d alm characterised in that n**!*™? 0 *®™*'*" 

includes one or more materials selected from the group consisting of polymers, stabilizers, and-oxidants, 
ss flexibilizere, colorants, fillers, surfactants, flow aids, and hardneas enhancers. 
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Patentansprfiche 

1. Verfehren zum Ausbilden eines dunnen, optisch Waren Oberzuges auf mindestens einer optischen 
Rache einer Augeniinse, mit folgenden Schritten: 

5 (I) auf mindestens elne erste FISche einer zum Herstellen der Augeniinse verwendeten Form word ef ne 
Schfcht aua einer Zusammensetzung aufgetragen, die mindestens zum Tell aus elnem Material besteht, 
das ethyianisch ungesSttigte, reBktionsfehlge Gruppen enthSIt, wobei die genannte Rache einer ersten 
optischen FI§che der Augeniinse elne gewOnschte optische Form erteiit; 

(it) die genannte Zusammensetzung wird derart umgesetzt, daft die genannte Zusammensetzung eina 

to Schicht blldet, die trocken und nfcht abrelbfest 1st, an der genannten Flache mindestens schwach haftet und 
einen keinen abbildungsfehlerfreien Abdruck der ersten FiSche darsteHt, wobei die Zusammensetzung eine 
UngesSttigtheit im Bereich von 40 bis 80% der UngesSttlgthelt besitzt die sie vor der Umsetzung besaB; 

(in) die Form wird mit elnem organischen flOssIgen Material gefQHt, das geeignet 1st, In einen fasten, 
bei ZImmertemperatur bestSndigen Zustand zu em§rten; und 

is (iv) durch Harten des organlschen flQssigen Materials wird die Augeniinse gebildet, die genannte 
Schicht mit dem gehSrteten organischen Material in satter Anlage daran stoffschlflssig verbunden und die 
Schfcht mit der optischen Flache des gehSrteten organischen Materials fester veridebt als mit der 
genannten Rache, und 

(v) nach dem Harten der organlschen ROsslgkelt wird durch efne Nachreaktion der Zusammensetzung 
20 diese gehSrtet 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daS das genannte Material ein 
Poiyfethylenisch ungesSttlgte AlkoxyalkylJ-Verbindurig der Forme! A 1 — Z— A 1 1st In der 

(a) A 1 und A' unabhSngig voneinander endstfindlg ethyienisch ungesfittigte Gruppen der Fcrmel 

2s ; OR* 

rV-O-CH^-G-R'-- 

: R 1 

so sind. In der 

(1) R 1 aus Wesserstoff und Methyl ausgewahlt 1st; 

(2) R— O— ein einwertiger Rest eines endstandlg ungesflttigten eltphatlschen ungesSttigten Alkohols 
ROH 1st, wobei R aus der Formeln 

35 H 2 C=C-fCH2K 

R 4 

und 

40 [E-fCHJt, ] m R*( CHj) e 

ausgewahlt 1st, 

E aus den Formeln q 

a 

** H^O-CHjfeO- und CH a =C-CO- 

P 4 R 4 

ausgewahlt 1st 

so a und c unabhSngig voneinander ganze Zahlen von 1 bis 6 sind, b null oder elne ganze Zahl von 1 bis 6 1st, 
R 4 aus Wasserstoff und Methyl ausgew&hlt 1st, ;R 5 eine eliphatische Gruppe 1st, die 1 bis 15 
Kohlenstoffatome besitzt und mft bis zu zwei Gruppen unterbrochen sein kann, die aus der Gruppe 
ausgewahlt sind, die aus Ather, Sauerstoff und den Gruppen 

SB — CO-— 

0 I 
o 

ausgewahlt sind, 

R 6 eine Wertigfceit von m+1 hat wobei m elne ganze Zahl von 1 bis 5 ist 

(3) R a aus der Gruppe Wasserstoff 

0 b" 
. -&-R", und ^CNH-R 7 

es 
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ausgewahlt 1st, wobel R» bub den Alky.- und Alkenyigruppen mit bis zu 5 Kohlenstoffatoman aus 9*waWi 1st 
R 7 eine aliphatische Gruppa mit bis zu 8 Kohlenstoffatomen oder eine aromatlsche Gruppa mit bis zu 8 

K ° H {3?^ mit bis 6 Kohlenstcrffatomen und bis zu elnam Kettensauerstoffatom In der 



Gruppe 1st und 

(b) Z sine hetarozyWIsche Gruppe der Formal 



1st in der X eine zwelwertige Gruppe 1st die zurn Vervolistandigen elnes 6-gliedrigen heteroryldlschen 
Ringes erforderilch 1st und aus der Gruppe 

r8 o OR 8 ft 9 ft° n 3 

ausoewfihlt ist In der R". R». R 1D und R" unabhSnglg voneinander aus Wasserstoff. dan Alkylgruppen mit 1 
bis 4 Kohlenstoffatomen. den Cydoalkylgrappen mit 3 bis 6 Kohlenstoffatomen und den Phenylgruppen 

« BUS «chfabm^^^ Reason im Schritt ,v, zu einer SEB-Abnebfestigkeit von 

m,n l B Ve*S nfcn CSl 2m ,. einem weiteren Schrltt Ir , dem 

hereusgenommen wird, dadurch gekennzelchnet daB die genannte Schlchti an der enrten optlschen RSche 
haften und sich von der genannten Rache der Form im ^ e ^ li * w J^"^ nd ' g " b '^ ich __ t datt dle 
* 4. Verfehren nach einem der vomergehenden Anspruche, dadu reh g ekennze chn et deB me 
Zusammensetzung zu Ihrer teilwelsen Umeetzung 1 Ms 10 min lang euf einer Temperetur .m Bere.ch von 

35 t KhSn'Tchllm der vomergehenden Anepmcbe dedurch getenr^.chn^ 
Rache der Form vor dem Auftregen der Zusammensetzung auf d.ese Rache unter emem Winkel von etwa 
ss 45bIs60GradzurHorteontslenengeordnetwlrd. 

a Verfahren nach Anspruch 6. dadurch gekehraeichnet. daB die Zusammensettung euf den oberen 
Rand der ereten Rache derart aufgetragen wird daB die Zusammen setzunjp elnen Bogen mit^ alnem 
Zentriwlnlcel im Berelch von etwa 140 bis 160 Grad bedeckt und daB ihr gestattet wird, Ober d.e genannte 

RScha dar Farm zu flieBen. . . , , , , , j_„ Mt . 

«o 7. Verfahren nach alnem der vomergehenden AnsprOche, dadurch gekennzelchnet, daB d.e 

Zusammensetzung zu ihrer Reaktlon Ultravlolettllcht ausgesetzt wird. .... _ . «, n<!art , nn 

a Verfehren nach einem der AneprOche 1 bis 6, dadurch gekennzelchnet daB die Zusammensetzung 

zu Ihrer Umsetzung elner Elelctronenstrahlbestrahlung BusgeseW wird. nh«rr.,n 

9. verfahren nach elnam der vomergehenden Anspruche. dadurch gekennze lohnet. daB dm Obenug 
'* umgesetzt wird. bis seine UngesSttigthelt Im Bereich von 40 bis 75% seiner Ungesattigtheit vor der 

U To^7rtahreSach Anspruch 9, dadurch gekehnzeichnet. daB der Oberzug umgesetzt wird. bie seine 
^^^^^^^^^^^^^ mKweitsren Schrltteri. in denen eine dflnne 
so Schlcht aus der Zusammensetzung auf eine zwelte Rache der Form aufgetragen wird. dadurch 
• gekennzelchnet. daB diese zwelte FISche einer zwelten FISche der Augenlmse erne gewunschte ophsche 
Form ertellt und daB die Zusammensetzung auf der zwelten FISche tellumgesetzt wird. 

12. Verfahren nBch einem der vomergehenden AnsprOche, dedureh gekennzelchnet, daB die 

^rJ^^TZnT&^W^ Anspruche. dadurch gekennzelchnet daB die 

Zusemmensetzuna ferner elnen ReaktionsInhiatorenthSlt. . . 

14. Linss. die nach elnam dsr vomeraehenden AnsprOche mit einem Oberzug yersehen worden 1st, 
dadurch gekennzelchnet daB die Zuesmmensetzung femer ein oder mehrere Matenalien enthfflt die i bus 
der Gruppe ausgewihlt sind. die aus : den Polymeren. Stabllisatoren. Antioxidantien. 
R«lbmSe^BamiSlTttrbanden Stoffen. FQIistoffen. Tenslden, RieBhilfen und Harteverbesserern 
besteht 
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Revendicatlons 

1. ProcSdS de production d'un revetement mince Optiquement dalr sur au moins una surface optique 
d'une lentille ophtalmique, qui comprend lea Stapes consistent: 
s (I) a appirquer une couche d'une composition coniprenant una matiere contenant des groupes reacttts 
a non-saturation ethylenique sur au moins une premiere face d'un moule utilise pour 
lentille ophtslmique, ladlte face conferant une configuration optique desires a une premiere surface 
optique de ladita lentille ophtelmlque; m 5 , . . . 

Hi) a faire reagir ladita composition Jusqu'a un degrt tel qu'elle forme un film qui sort sec non resistant 
io a I'abrasion, qui adhere au moins legerement a ladita premiere face et qui reproduce exactement cette 
premiere face d'une maniere dSpourvue d'aberrations afin que ladita composition presente un degre de 
non-saturation dans I'lntervalle de 40 a 90% de la non-saturation qull possidait avant la rfactton; 

(Hi) a remplir le moule avec un B matiere llqulde^rganlque capable de durcir jusqu a un etat solide 
stable a la temperature ambiante; et . _ . x . 

;a (iv) a falre durcir la matiere organlque llqulde de maniere a former ladita lentille ophtalmique, a creer 
une liaison intlme entre le fitm et la matiere organlque durde eta fairs adherer le film a la surface optique 
de la matiere organlque durcie plus fermement qu'll ti'adhere a ladlte face, et 

(v) a effectuar la post-reactlon de Vadrte composition aprea le durcissement du liquide organlque pour 

20 ^zS^ 1. dans laquel ia matiare est un compost polytalkoxyalkynque a non- 

saturation ethylenique) de formule A'-Z-nA" dans laquelle >„ m t„ a t 0 

(a) A T et A 1 represented Independamment des groupes a non-saturation ethylenique terminate, lesdrts 
groupes repondant a la formule: 

OR 8 

28 I 

r-O-CH^-C-'R 1 — 

p 

danslaquelle , m i*u.,i« 

dans lequel R est choisi entre lea formules: 

H t C=C4CH*K et iE^CHjJE^nR^Jo "' 
R 4 

ou E est choisi entre les formules: 

0 

;t • ii 

r 4 * 4 

a et c represented independamment des nombres enriers de 1 a 6, b est egal a zero ou a un nombre entier 
de 1 a 6, R 4 est choisi entre I'hydrogene et le groupe m6thyie, R 5 est un groupe allphatique ayant 1 a 15 
atomes de carbone qu! peut etre interrompu avec Jusqu'a deux groupes choisls dans la classe comprenant 
de I' oxygens d'ether ou des groupes 
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R fl ayant une valence m+1 dans laquelle m est un nombre entier de 1 a 5, 
55 <3) R 2 est choisi entre I'hydrogene et les groupes £ 

-JLfl 1 , at; ;:--CNH-R T 



oO R B est choisi entre des groupes alkyle et alcenyle ayant Jusqu'a 5 atomes de carbone, R 7 est un groupe 
allphatique ayant jusqu'a 8 atomes de carbone ou Uh groupe aromatique ayant Jusqu a 8 atomes de 

carbone^ ^ ^ groupe alkylene ayant 1 a 6 atomes de carbone avec Jusqu'a un atome d'oxygene dans la 
chatne du groupe, et (b) 2 est un groupe hStdrocycllque de formule: 
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dans laquella X est un groups divalent neceeealre pour completer un noyau heterocyclique pentagonal at 
est cholsi entre les groupes da formules: 

,e dans lesquelles R«, R». R 10 et R 11 sont cholsls lndfipendamment entre I'hydrogene des B™"P"«"^" «V«nt 
™ 4 atomes de carbone. des groupes cycloalkvle avant 3 4 6 atcmea da < carbone , et ^ 0™P"^2*£ 
A s est identique a A 1 , et leditjilm non rfeistant a 'abrasion est amene a rfaglr dans '6tape (v) £e manure 
qu-ndurdsse jusqu'4 ce qull acquiere une resistance a I'abrasion SEE) d'au molns 137£kPa (20 lb/in ) 
3 Proc6de sulvant la revendication 1 ou la revendioatlon 2, comprenant en outre I operation qui 
» corJsteWmoller ladite Ke. cerecterise en*e que le film adhere a la premiere surface opdque et se 
dfteche essentlellament en totalitf de ladlte face du moule. ...„.„ ^^a^ en oue | a 
4. Proced* aulvant I'une quelconque des : revendlcations piecSdentes, caracfcna* m ' " que la 
composition est arnenee a reagi?partlellement par exposition a una temperature comprise dana la plage de 

» 36 VCSSMMI?J l^nque des revocations preCB dentes. cara*er.e< I . ' ~ que la faca du 
moule est disposes selon un angle par rapport a I'horbontale compns dans la plage d environ 45 6 60" 

^V&T^SX^A, carak.se en ce que .a composition est app.iqu* , « i bard 
supfirieurTe la premiere face de maniere qua composition couvra ""^^"n angle au centre 

amenta a riaair oar exposition a un felsceau d'alectrons. , 
M 'Tpffi Slto quelconque des irevendicatlona precedentea, carsct«r,s« en ce qu Me 
revetemeTest amene a rtegir Jusqu'a ce" qu'il presente un degre de non*eturabon dans nntervalle de 40 a 

75% de la non-saturation qu'll possftdeit avant la reaction. 

10 Precede sulvant la revendicadon 9, csractertse en ce que le revetement est amene a reaglr jusqu a 

ce qu'il presente un degrt de non-aaturation darts la plage de 55 a 70*. „„A«tinn« 

« q „ EL^u suitf8n ? r un e quelconque des revendlcations precedentea, qui comprend lea operations 
comp emSrfa^ cTstarJa Spplique'r une mince couche de «mp«sWor £ un. , 
caracieriss en ce que la secondeface du moule forme une configuration optique ^^"""^nde 
surface du diapositif ophtalmlque. et ladite composition est amenee a reaglr pertlellement sur ladlte 

« SeCO i n 2 d Proridd suivant I'une quelconque des revendicationa precadentes, cerecterise en ce que le lentille 

ophtalmlque est unverrede lunette muW-foeal.i/ . , . . _ „„_,*x.,,. 4 „ n „ nuB i a 

13. Precede sulvant I'une quelconque des revendlcations pretrfdentes. carect4rls6 en ce que la 

comoosltion comprend en outre un initiateur de reaction. i„ 

iTuntills revfitue suivant I'une quelconque des revendlcations pracWentes. caractSrlsee en ce que la 
» composition contient en outre una ou plusleurs matidres choisies entre de 

stabilisants, des antl-oxydants, des assouplissants, des colorants, des charges, des surfactants, des 
adjuvants d'ecoulement et des agents am6liorant le dureissemem. 
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